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In this report the vovk carried out to investigate the noise re- 
duction characteristics of general aviation typo, flat, double-wall 
structures, at the University of Kansas Flight Research Laboratory, 
is presented. The test specimens are typical of the double-wall struc- 
tures that are currently being used in general aviation aircraft. The 
object of this investigation is to generate a data base of such panels. 

A secondary objective is to develop a simple theory that will reasonably 
predict the noise reduction characteristics of such panels without ex- 
cessive conouter memory and time. 

The ejcperimental study was carried out on 20-by-20-inch panels 
with an e:qjosed area of 18 by 18 inches. The tests were performed at 
normal incidence and at room temperature and pressure. A frequency 
range from 20 to 5000 Kc was covered. The noise source was a slowly 
swept sine wave generator. 

The e-.jperinental results, in general, follow the expected trends. 

At low frequencies the dcuble-wall structures are no better than the 
single-wall structures. However, for depths normally used in the 
general aviation industry, the double-wall structure becomes effective 
from 3C0 Hz. At high frequencies, double-wall panels are very attrac- 
tive. Tne graphite-epoxy' skin panels have higher noise reduction at 
very low frequencies (>*100 Hz) than the Kevlar skin panels. But the 
aluminum panels have higher noise reduction in the high-frequency 
region, due to their greater mass. Use of fiberglass insulation is 
not effective in the low-fiequency region, and at times it Is even 
negative. But the insulation is effective in the high-frequency region. 



It damps out the ptnel-air-panel resonances as well as increases 
noise reduction due to ’.'isccus effects. 

The interior trim panel used in the industry can be advantageously 
used as a noise control treatment clettent in double-wall structures. 
However, the tests indicate that most trim ;anels do not behave like 
limp panels. Certain base material and treatment combinations for 
the trim panels perform much better than others, even in spite of 
their weight penalties; and further study may be required to determine 
exactly their noise attenuation characteristics. In the meantime, 
use of measured single-panel slope for the trim panels as an additional 
parameter provides a reasonable approximation for theoretical predic- 
tions. 

Within its limitations, the theoretical model predicts the trans- 
mission loss of these multilayered panels reasonably well. 
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CJLVPTL-’. 1 


INIRODL’CTION 


This report is a ccntiriuaticn of the dociunentation of the research 
accomplished under the continuing N'ASA Cooperative Agreement NCCI-6. 

The progress of the research accomplished during the perioa May 1, 

193C, .through October 31, 1982, of the current project year (May 1, 

1982, through April 30, 1933) vas inoluJed in the previous report, 
KU-FRL-417- 19 (Reference 1) . 

The present reporr. covers the period from Novembor 1982 through 
April 1983. As explained in Reference 1, during the period June 1982 
through September 1982 the progress on the experimental investigation 
was delayed due to the theft of the Apple computer used in the data 
acquisition system. .An tiS computer was bought in its place and was 
interfaced with the real-time analyzer. The calibration cf the facility 
with this computer and development of the required software took approx- 
imately two more months. Tne present data acquisition and analysis pro- 
cedures are described in Appendix t\. 

In the present reporting period the noise reduction characteristics 
of double-wall panels were investigated. The double-wall panels are 
made up of two panels 'one representative of the skin and the ocher of 
the trim) separated either b/ an airpap or by a fiberglass thermal 
insulation material. In industry this configuration is widely used. 

The skin panel normally is designed for Che structural integrity of the 
airplane. The interior trim panel is used for decorative purposes. 
Typically, Inexpensive, light-weight materials are used in comr'.ercially 
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oriencdil, general avii^ion airplanes; but nore luxurious nacerials such 
as carpet, leather, ''tc., arc used in business and executive type air- 
craft. In pressurized aircraft and in aircraft flying at high alti- 
tudes, fiberglass insulation is used to provide thermal Insulation. 

The objective of the present investigation is to study the sound atten- 
uation characteristics of such panels and to use theta as a part of the 
treatment to reduce externally generated noise. In this investigation 
both aluainun and fiber-reinforced nacerials were used as Che skin 
nacerials. The trin panels investigated are the ones used in the 
industry. Beech Aircraft Corporation and Cessna Aircraft Company 
(Wallace Division) provided the test specimens. The panel details and 
the configurations tested are described in Chapter 2. The results of 
the experimental investigation are presented in Chapter 3. 

The computer progran described in References 1 and 2 was used 
to calculate the noise reduction characteristics of the double-wall 
panel configurations. In Chapter 4 the theoretical values calculated 
using this pregram are compared with the experimental results obtained. 
The ccnclusions and recommendations conclude this report. 
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CILVPTER 2 


DESCRIPTION OF TEST FACILITY AND TEST PANELS 

2 . 1 DESCRIPTION OF THE ACOUSTIC TEST FACILITY 

The KU-FRL ::cou3Cic test facility was used in this investigation. 

A detailed description of this test facility and its characteristics is 
given in References 3 and 4. Salient features are excerpted froa these 
reports and presented in Appendix A. In the sane appendix the limita- 
tions of the facility are also described. All the panels tested were 
20 inches by 20 inches with 18-inch -by-13-inch exposed area. The tests 
were conducted under normal incidence at room temperature. The only 
modifications to the test facility were the three adapter tubes added 
to accommodate the three panel depths tested. A diagram of the facil- 
ity with Che adapters is shown in Figure 2.1. The output from the test 
facility is in the form of noise reduction curves plotted as a function 
of frequency. The noise reduction across a structure is defined as 

NR =• 10 Log!p^/Pj.|2 (2.1) 

where NR = Noise reduction (dB) 

p^ “ Measured pressure on the source side (Pa) 
p^ =• Pressure on the receiver side (Pa). 

2.2 DESCRIPTION OF THE TEST PANELS 

The double-wall test specimens were made of skin, airgap or fiber- 
glass insulation, .-nd a trim panel. Figure 2.2 shows a typical double- 
wall configuration tested. Three types of skin panels were used in the 
investigation. The first type was .032" aluminum panel. This panel 
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Figure 2.1: Schenatic Diagrata of Che Test Facilicy wich 

the Adapter to Test Double-Wall Panel 
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Figure 2.2a; Details of Typical Skin Panels Tested: Group 1, Aluminum, 

with 1 Stiffener 
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Figure 2.2c: Details of Typical Skin Panels Tested: Group 3, with 2 Stiffeners 



v<i3 Stiffened with <i single extruded '’T" section stiffener, riveted 
down the center. Tl’is stiffener di^'ided the panel into two equal-area 
bays (see Figure 2.2a). Three test panels of this type were used. 

These three panels vary only in the depth cf the edge members riveted 
to the edge of the skin panel. This variance allows for the depths of 
one, two, and three inches used in this investigation. The second type 
of skin panel was made of .029" thick graphite-epoxy. Each of the three 
layers of the panel was made of a woven cloth material with the two main 
directions of the fibers perpendicular to each other. The ply orienta- 
tion for the three layers is A5“-0“-45“. Only one panel of this type 
was used in the present investigation. This particular panel had two 
"hat" stiffeners (see Figure 2.2c). The mechanical properties of tnis 
panel are given in Reference 5. The third type of skin panel used was 
made of .029" thick Kevlar'*' material. Once again it had three layers 
of equal thickness with ply orientation AS’-O’-AS". Two panels of this 
type were used: one with one "hat" rtiffener, and the other with two 

"hat" stiffeners. Refer to Table 2.1 for further information. The ef- 
fects of the material and stiffeners were studied using these panels. 

The insulation taacerial used was loose fiberglass material with 
density .07 Ib/cubic inch. This material came enclosed in very thin 
vinyl bags and thicknesses of 3, 2, and 1 inch. 

The trim panels tested were the typical trim panels being used 
or being proposed to be used in the general aviation aircraft. The 
trim panels were constructed of lightweight base materials such as 
closed-cell polyvinyl chloriae foam, aluminum, and fiberglass. The 


*tiade by DuPont Corporation 
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Table 2.1: Skin Panels Tested at the KU-FRL 
Acoustic Test Facility 


Panel 

Ilatcrial 

Depth 

Number of 
Stiffeners 

Thickness 

Weight* 



(in) 


(in) 

(Id) 



Group 

1 



353 

2024-T3 Aluminum 

3 

1 

0.032 

1.53 

357 

2024-T3 Aluminum 

2 

1 

0.032 

1.53 

353 

2024-T3 7J.uminum 

1 

1 

0.032 

1.53 



Group 

2** 



339 

Kevlar 

3 

1 

0.029 

0.70 

340 

Kevlar 

3 

2 

0.029 

0.85 

335 

Graphite-Epo>:y 

3 

2 

0.029 

0.90 


*Skin and stiffener weight only 

**'A11 composite panels have three layers of the same thickness. 
Ply orientation is 45‘’-0'’-45°. 



foani panels ware usu,>l]y coaced wich a piocectiva sheathing to give 
the foam damage tolerance. Over the base i.aterial some type of deco- 
rative material (called tnm panel treatment hereafter) such as simu- 
lated leather, upholstery fabric, carpet, etc., is usually applied. 

The trim panels tested have been divided into throe groups, depending 
on their base material. Group 1 trim panels have a Klegecell base, 
while Group 2 have a Rohacell base. The panels in thesa groups vary 
in the thickness of their base material and in their trim panel treat- 
ment, Group 3 panels have raiscrllaneous base materials such as com- 
pressed fiberglass, 45% open-pore aluminum, and Lexan. These panels 
and their relevant characteristics are described in Table 2.2. 

The skin panel and the trim panel were attached by means of the 
channel section members (see Figure 2.2). The channel section was 
riveted along the edges to the aluminum skin. In the case of composite 
skin panels, they were epoxied. Two types of attachment of the trim 
panel to this channel section were investigated. In the firs': case, 
the trim panel was screwed to the flange by means of eight screws. 

Most of the tests were carried out in this configuration. The effect 
of "floating" the trim panel was investigatea by using a pressure- 
sensitive, double-sided adhesive tape. The flange of the channel 
section was 1" all around; hence, it was not exposed to the direct 
sound pressure field. 



Table 2.2: Trlai Panela Tested at the KU-FRL 

Acoustic Test Facilit> 


Trim Panel 


Panel 

Material and Treatment 

Area Densitv 

(Ib/ft-) 


Group 1 


317 

0.125" Klege-Cell type 75 with 1 layer of 
type A fiberglass both sides 

0.128 

315 

0,25" <lege-Cell type 75 with 1 layer of 
type A fiberglass botn sides 

0.168 

318 

Sams as (317) but with 0.020" Royalite 
covering 

0.258 


Group 2 


341 

0.125" Rohacell grade 51 with 1 layer of 120 
phenolic pre-preg skin both sides 

0.134 

323 

0.25" Rohacell grade 51 with 1 layer of 120 
phenolic pre-preg skin both sides 

0.130 

347 

Same as (323) but with 2 layers of 120 
phenolic pre-preg skin both sides 

0.301 

342 

Same as (341) but with 0.020" Royalite 
covering 

0.279 

343 

Sana as (341) but with 0.5" carpet 

0.674 

34A 

Sane as (341) but with 0.25" neoprene 
+ leather covering 

0.432 

325 

Sana as (323) but with 0.125" neoprene 
+ wool covering 

0.428 


Group 3 


312 

45% open 0.025" Aluminum with 0.5" foam 
+ leather covering 

0,472 

314 

0.090" Lexan 

0.596 

352 

0.187" compressed fiberglass with 0.2" carpet 

0.450 
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C^L\^TFR 3 


EXPERU^EMTAL IN^’ESTIGATIOt^ 

» 

3.1 INTRODUCTION 

The noise reduccion tests of the double-wall structures were con- 
ducted at the KU-FRL acoustic test facility. Various trim and skin 
panel cornbinatiens were investigated. For each skin and trim panel 
configuration, the effect of the fiberglass insulation was also tested. 
The noise reduction curve as a function of frequency was obtained by 
slowly sweeping the frequency, measuring the source and the receiver 
microphone levels, and subtracting the receiver microphone level from 
the source microphone level at each frequency. This was done in two 
stages: first from 20 Hz to 500 Hz, and then from 500 Hz to 5000 Kz. 

In the first case the analysis bandwidth was 2 Hz, and in the second 
case it was 10 Hz. This was done to get narrow bandwidth at low fre- 
quencies as well as to cover a broader frequency range. This also per- 
mitted change of gains between these two frequency ranges. All tests 
were performed at normal angle of incidence and at room temperature 
and pressure. There was no pressure differential between the source 
and the receiver side. 

Most of the tests were done at least twice to ensure repeatability. 
The repeatability of the tests v/as generally good, the results agreeing 
within 1-2 dB in the low’-frequency region. In the high-frequency region 
the least square lines agreed within 2-4 dB. The noise reduction curves 
for all the tests are presented in Appendix B. Figures B.l through B.13 
show the results of double-wall structures with aluminum skin and 3" 
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depth. The results of 1-j'rcn- and 2-inch-thick, double-wall structures 
with aluminum skin are given in Figure B.IA through 3.17 and 3.18 
through B.21, recnectively. The results of the double -wall structures 
with composite skins (335, 339, and 340) are presented in Figures B.22 
through 3.34, B.35 through B.47, and B.48 through 3.60, respectively. 

The results of tests with "free-free" trim panels are given in Figures 
B.61 through B.66. As described in Chapter 2, the free-free edge con- 
dition for the trim panel is achieved by using a pressure-sensitive, 
thick (1/8") adhesive tape. 

A typical noise reduction cur'.'e of a double-wall structure is 
shown in Figure 3.1. It can oe divided into three parts. In the very 
low frequency the noise reduction is a function of the stiffness of the 
skin and the trim panel. Tliis region can be called Che stiffness- 
controlled region. In the second frequency region, varying anywhere 
from 50 to 600 Hz, two resonance dips dominate Che noise reduction. 

The first one normally corresponds to either the skin or the trim panel 
fundamental resonance frequency. For the panels tested, resonance 
frequencies of trim and skin panels are so close that it is not possible 
to separata them. The second major resonance corresponds to the panel- 
air-panel described in Pcference 6. In the high frequency region (above 
600 Hz) the narrow-band analysis (analysis bandwidth 10 Hz) indicates 
a multitude of resonances, resulting in dips and peaks in the noise 
reduction curve. These resonances are due to the higner order skin 
and trim panel moder, double-wall modes, and the cavity modes of ..he 
test facility itself. In order to study the trends dn this freouency 
region, a least-square line approximation ]s usee.. Previous studies 
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Douole-Wall Panel 








at this facility have indicated that the slope of the least-square 
lines of siiaple panels corresponds to the calculated nass law slope 
(i.e. , 6 dB/octave) . In oeneral, for Che double-wall sttacture, the 
slope of Che least ciern-square lane lies anywhere between 6 dB/octave 
(predicted by mass law for single panels) and 12 dB/octave (predicted 
by classical transmission theory for aouble-wall structures; see 
Reference 6^ . The effects of various parameters on Che noise reduction 
values will now be studied at selected frequencies. These, frequencit > 
cover the three frequency regions described above. In the high- 
frequency region only the least-square line will be used. The choice 
of these frequencies is rather arbitrary and at times can be misleading 
because of the wide variations in the characteristics of the panels 
tested. For a complete review, the original noise reduction curves in 
.\ppendix B should be consulted. 

Some of these double-wall panels tested showed very high noise 
reduction values in the high frequency region. This posed some prob- 
lems in the measurement of Che recei'ver microphone sound pressure level 
At the KU-FRL acoustic test facility c le panels could be excited ei''har 
by a random noise signal or by a slowly-swept sine wave signal. Pre- 
vious measurements at this facility have shown chat the differences in 
Che noise reduction characteristics due to either tvpe of excitation 
were small , when analvred through a narrow bana analyzer. The latter 
type of excitation was chosen for this series of tests to improve the 
accuracy in the measurement of receiver microphone signals. With 
slow’iy swept sine waves it is possible to concentrate the sound energy 
over a very small frequency range. This produced a source sound pres- 
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sure level of 110-1,0 viL* .ic thc^e frequencies. Hence the receiver mi- 
crophone signal was correspondingly higher. Even with this type of 
excitation the problem vas not completely solved. The signal to (ambient) 
noise ratio was still low in many cases. In addition, during many tests 
the change in the signal strength within a frequency sweep exceeded the 
djTianic range of the instrumentation used. As described above, the 
noise reduction characteristics were investigated by dividing the anal- 
ysis in two frequency ranges: a) 20-500 Hz uith 2 k< bandwidth, and 

b) 500-5000 Hz with 10 Hz bandwidth. The dynamic range of the spectrum 
analyzer used (SD 335) was 60 fB. Hence the maximum change in the re- 
ceiver microphone level that could be measured in either of the two 
passes was only 60 dE. This did not pose any problem either during 
the low-frequency sweep ot with panels exhibiting lower high-frequency 
noise reduction. However, this was not enough for panels with noise 
reduction higher than 80 dB in Che high-frequency region. In such 
cases the receiver microphone level was near maximum at 500 Hz and 
was below the minimum level above 3000 Hz. Hence true signal level 
could not be found at some frequencies above 3000 Hz. The only way 
this problem could have been overcome was to further subdivide the 
frequency range. But as mentioned above, the signal levels were so 
low that further amplification did not improve the results very much, 
due to deteriorating signal-to-noise ratio. This dynamic range limi- 
tation produced scatter in the data when the noise reduction values 
were h-gher than 80 dB. Even though this appears to be a serious limi- 
tation, It is not so. This phenomenon also occurs in aircraft interior 
noise measurements. 'C nigh transmission loss values of the ruse- 
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lage sidew--i]l, Che airbiont noise levc3 inside the airciaft nay be 
higher tnan Che level transraitcad from the sidevall. Under these con- 
ditions it nay not be worthwhile Co have higher noise reduction for 
Che fuselage sidewall. Also nore inportancly , the noise level inside 
Che aircraft is normally dominated by the low frequency noise. Hence, 
Che overall level iuside che aircraft is determined by che low-frequency 
noise level. The cortriburion of the sound pressure level at these 
frequencies to che overall noise level will be negligible. In practice, 
if che sound pressure level at any frequency range is below 20 dB of 
the highest band level, then it nay safely be neglected without affect- 
ing the overall sound pressure level. Hence a dynamic range of 60 dB 
is more chan adequate to predict Che interior levels accurately. Hence 
no further attempt was made to increase the dynamic range of the instru- 
mentation used in the test facility. 

3.2 EFFECT OF SKIN PANEL 


The effect of skin panels was investigated using four different 
skin panels. They were che following; 

a. .032" aluminum panel with one "T" stiffener (panel 353) 

b. .029" thick, 3-ply (45°-0’-45’') graphite-epoxy laminate with 
two hat stiffeners (panel 335) 

c. .029" tnick, 3-ply (45“-0°-45°) Kevlar panel with one hat 
stiffener (panel 339) 

d. .029" Chick, 3-ply (45'’-0®“45'’) Kevlar panel with two hat 
stiffeners (panel 340). 
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The paracetars :.avest:igated vith these panels are the effects 
of the panel naterial and stiffeners. The noise reduction values of 
these four panels are cotapared under similar configurations in Figures 
3.2 through 3.9. Tliese figure^ show tne noise reduction values at four 
selected frequencies; tvo in the low-frequency region (40 and 100 Hz) 
and two in the high-frequency region (1000 and 3000 Hz). The noise 
reduction values at 300 and 500 Hz ere not plotted, as they fall in 
the resonance frequency region. Because the panels are so different ir 
their characteristics, the X-axes in tliese figures are panel numbers 
and do not represent any continuously varying parameters. Hence these 
figures are essentially bar charts i/ith values at four frequencies. 

The influence of the skin panels is plotted for trim panels 312, 314, 
315, 318, 425, 342, 344, and 352. For each trim panel two figures 
are given: one with the fiberglass insulation between the skin and 

the trim panel, and Che other without (i.e., airgap) . In all cases 
the depth of the double wall was mcintained at three inches. 

The effect of the skin panel taacerial can be studied by comparing 
the noise reduction values of panels 335 (graphite-epoxy), 340 (Kevlar), 
and 353 (aluminum). There is a slight difference in their thickness: 
both Kevlar and graphite-epoxy panels arc .029" thick, and the aluminum 
panel is .032" chick. The mass and the stiffness are the major vari- 
ables. The weights of these individual panels are .9 lb (graphite- 
epox}' panel 3350), .85 lb (Kevlar panel 340), and 1.35 Ifa (aluminum 
panel 353). Kevlar panel 339, which has one stiffener, weighs .7 lb. 

At low frequencies Che noise reduction of double-wall panels is a 
function of the stiffness of Che skin and the trim panel. In chase 
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figures, the trua panel has been kept the sane for each plot. Hence 
the noise reduction at ''*0 Hz la each plot is a function only of the 
stiffness of the skin panel being studied. However, the stiffness 
of the skin panel is a function not only of the material properties 
but also of the number and the type of the stiffeners used. The 
aluminum and Che composite panels had different types of stiffeners. 

In the case of aluminum it was an extrudeo "T” section. For composite 
panels it was a hat section. This precludes any conclusions about the 
relative stiffness effects of the various skin materials. In general, 
for the skin panels tested, the graphite-epoxy skin panel and the alu- 
minum skin panel have the sane noise reduction at 40 Hz, while the 
Kevlar skin panel has up to 7 dB less noise reduction. This is con- 
sistent with Che single panel tests reported in Reference 5. The noise 
reduction values at 100 H,-: vary very widely because they are very close 
to either the skin or the trim panel fundamental resonance frequency. 

At frequencies of 1000 Hz and 3000 Hz the noise reduction is 
mainly a function of the surface density of the double-wall panel. All 
other parameters being constant, it is a function of Che skin panel 
surface density. Since the surface densities of the graphite-epoxy panel 
(panel 335) and the Kevlar panel (panel 340) are nearly equal, they 
have nearly the sane noise reduction. The aluninun skin panel (panel 
353) is consiaerably heavier and hence has higher noise reduction. 

For double-wall p^^nels with an airgap, Che increase in noise reduction 
values closely match theoretically predicted 3-4 dB at 1000 Hz. At 3000 
Hz two phenomena occur. First, the first harmonic of the double-wall 
resonance falls in this frequency region. The dips in Che noise re- 
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auction introduced by this resonance are strong enough to mask the 
increased noise reduction due to higher surface density of the aluminum 
skin panel. Second, this is the frequency region with very high noise 
reduction. Hence, as explained in Section 3.1, the variations in the 
noise reduction values are not truly reflected in the results, due to 
dynamic range limitations. Hence the effect of the increased mass 
of the aluminum skin panel is not seen in the experimental results. 

This IS especially true with fiberglass insulation. Panels with insu- 
lation show very high noise reduction (>30 dB) above 3000 Hz. 

The effect of the stiffener can be studied by comparing the results 
of the Kevlar panel with one stiffener (panel 339) and with two stif- 
feners (panel 340) . In this case other parameters of the double-wall 
panels are the same. At very low frequency of 40 Hz, the effect of 
the stiffener is to increase the noise reduction by the increase in 
the stiffness of the skin panel. This trend is confirmed in all but 
three cases tested (eee Figures 3.2 through 3.9). The exception oc- 
curred in two cases with airgap. These exceptions are considered to 
be due to experimental scatter. The increase in noise reduction at 
40 Hz due to increased stiffness is less than 3 d3. Once again at iOO 
Hz, near the fundamental resonance frequency of the skin/ trim panel, 
there is a wide fluctuation in Che test results. The results show a 
very small increase in noise reduction at 1000 and 3000 Hz due to the 
two stiffeners. However, this increase is so small that it is within 
Che scatter of the experimental results. 
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3.3 EFFECT OF PANEL DEPTH 


In general aviation aircraft the apace available for the instal- 
lation of double-wall type structures for interior noise control is 
very United, due to already small interior dimensions. A quick sur- 
vey among the manufacturers indicated that 2-3" is about the maximum 
depth that can be allowed. Hence the effect of the double-wall depth 
was investigated for only three cases: 1 inch, 2 inches, and 3 inches 

For this investigation, aluminum skin panel and four trim panels ware 
used. The trim panels tested were one from each group of the base 
materials described in Chapter 2. These panels were 312, 313, 325, 
and 352. The tests were performed both with and without the fiberglas 
insulation in the space between skin and trim panels. The results 
from the tests ha-'e been cross plotted in Figures 3.10 through 3.13 
for the cases investigated. For each test condition six frequencies 
are shown. 

At 40 Hz, which is below the fundamental resonance frequency of 
the skin or trim panels, the e:tperimencal results snow a very small 
decrease with increase in panel depth. The decrease was less than 
3 dB in all cases. This trend was not predicted by the simple theory 
described in Chapter 4. It is believed to be due to tne trim panel 
attachment procedure used lu the investigation. Hie trim panel was 
attached to the edge channel members by means of screws. The depth 
of these channel sections determines the panel thickness (see Figure 
2.2). It is possible that with higher panel depth, the stiffness of 
this member decreases, decreasing the double-wall panel stiffness. 
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nay caus -2 rhe reduction experienced 


This decrease in stiffness 
in the test results. 7nis effect is present even with the insulation. 

An opposite phenoaenon occurs at ICO He. This frequency is on the 
other side of the fundaaental lesonance frequency for most of the 
panels, and hence a slight increase is expected with increase in 
panel depth. The increase was 3-5 dB. The cecrease in stiffness 
as described above can cause such a trend. 

The noise reduction values at 300 and 500 Hz are also plotted 
in Figures 3.i0 through 3.13. This frequency region is the most 
important region for the interior noise control of the general aviation 
aircraft. The noise reduction values at 3C0 Hz show an increase, 
with the increase in panel depth. The shape of the curves, however, 
is differerc for different trim panels. This is because the experi- 
mental double-wall resonance frequency occurs in this region. The 
noise reduction values depend very much on the value of the double- 
wall resonance frequency. The simple theory Uoed in the the-^retical 
analysis overpredicts the double-wall resonance frequency (see Chapter 
4). Hence comparisons of the trend of the noise reduction values at 
300 Hz could not be made. The trend of the frequency values themselves 
is the sane — only shifted by 75-100 Hz depending on the panei configu- 
ration. Similarly, az SCO Hz the variations in nois ' reduction could 
not be explained in terms of the simple theory ixcept for trim panel 
312 wnth airgap, the experimental results show either a steady increase 
or a slight peaking at 2" depth. The double-wall panel with trim panel 
312 has a definite dip at 300 Hz at 2" panel depth. It is believed that 
the porous aluminum base material may contribute to this phenomenon. 
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At 1000 Hz, for all casas tatted the noise reduction shows a 
steady increase with increase in panel depth. As the panel depth is 
increased, the rirst harmonic of the double-wall resonance frequency 
decreases. On either side of this frequency, the slope of the noise 
reduction curve will be high. .\t 1000 Hz we are in this region for 
all three depths tested. This slope is higher if the resonance fre- 
quency is closer to ICOO Hz. Because or this the noise reduction of 
the 3" depth aanel is higher than tnat cf the 2" panel. The increase 
is smaller for the airgap (o dB max.) than for the insulation (11 dB 
max.). Some oi the increase in noise reduction cf the panels with 
insulation a due to the viscous shear in Che insulation. This shear 
loss man.^fests itself as the real part of the conpl>;x propagation 
constant (see Reference 6). The affect of the harmonic of the double- 
w.ill resonance frequency is more apparent at 3000 Hz with airgap. The 
resonance in this case is so strong chat it low’ers Che overall noise 
reduction of the double-wall panels with 2'' depth at this frequency. 
Hence the cross plot of noise reduction vs thickness shows a dip at 
two inches at this (frequency. These results are consistent with the 
theoretical nredict:ons and also with the results of the dual pane 
window tests (Referents 7) carried cut at this test facility. The 
addition of Che insulation damps out this dip. In addition, viscous 
shear losses in rhe insulation increase c.ae noise reduction beyond 
SU dB for three (panels 312, 313, and 325) out of the four trim panels 
tested. As described in Section 3.1, any increase in the noise reduc- 
tion over this value does not get truly reflected in the test results. 
In the case of trim panel 352, which has a lower noise, reduction at 



1-inch panel depcli ( 70 dB) , Che effect of increase in depth is trore 

prominent. 


3.^ EFFECT OF FIBERGLASS INSULATION 


Even Chough all double-uall tests have been done with and without 
a:rgapt, aluminum skin nanel and four trim panels (312, 318, 325, and 
352) were chcsen for comparative study. The cross plots at 40, 100, 

1000. and 3000 Hn are given in Figures 3.14 Ch-ough 3.17. The Y axis 
of these figures is the change in noise reduction due to the fiberglass 
insulation of density .17 Ib/cubic ft. These values were obtained by 
subtracting the noise reduction values of the panels with insulation, 
from those without the insulation (shown in Figures 3.10 through 3.13). 

At 40 and 100 Hz the effect of the fiberglass is negligible. In fact, 
in some cases it is even negative. At high frequencies the fiberglass 
has two effects, as described in Che previous section. First, it elim- 
inates the dip in Che noise reduction curve observed due to the harmonics 
of the double-wall resonance frequencies. Secondly, Che sound level is 
also attenuated by the viscous shear losses when it travels through the 
porous media (Reference 6). At a ly given frequency the attenuation due 
to this effect is linearly proportional to the thickness of the insula- 
tion. The experimental results tend to confirm this trend in those cases, 
where the noise reduction measurements are not affected by the limitation 
of Che dynamic range of the instruments. At 3000 Hz the increase due 
CO the insulation varies from 3 dB (for trim panel 312) to 11 dB (for 
trim panel 352) for 2 inch variation in the panel depth. 
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Figure 3.16: Effect of Fiberglass Insulation on the Noise 

Reduction Characteristics of Double-Wall 
Panel with Aiuninus! Skin and Tria Panel 325 



Figure 3.17: Effect of Fiberglass Insulation on the Noise 

Reduction Characteristics of Double-Wall 
Panel with Aluainun S.Kin and Tria Panel 352 




3.5 EFFECT OF TRIM ?x\:;ELS 


The interior tria psnels are used in the general aviation industry 
for decorative purposes. They also form a part of the interior noise 
control treatment. But it is the decorative purpose which determines 
the type of material and treatment that will be used. Normally a trim 
panel has a base material, which provides the stiffness and also cakes 
it easier to install. The treatcent such as simulated leather, uphol- 
stery, etc., is applied solely for decorative purposes. Theoretically, 
these panels are treated as limp panels having mass-law impedance. 

Tests at this facility of various materials have shown that such an 
assumption may not be valid (Refetences 1 and 2). During the present 
series of tests, tha effect of these panels was investigated when used 
as a part of a double-wall structure. As described in Chapter 2, the 
trim panels were divided into three groups , based on their base mate- 
rial. Tables 3.1 and 3.2 give the noise reduction values at 40 and 
3000 Kz for four skin panels. As expected, there is considerable scat- 
ter in the data. Figures 3.13 through 3.25 show this effect as a func- 
tion of the total panel surface density. For each skin panel the noise 
reduction obtained is plotted as a function of the suface density of 
the panel. Since the other panel parameters have been held constant 
for each plot, tha variation of the surface density in each figure is 
due to the variation of the surface (area) density of the trim panels. 
These cross plots must be interpreted with care because the noise re- 
duction due to the trim panel at any frequency is not a function solely 
of the mass of the panel, which explains the considerable scatter seen 



Table 3.1: ECfeeC of Tr-un Panels on Noise Reduction 

Characteristics of Double-Wall Panel; 40 Hz 


Trill Panel • 



Airgap 



Insul 

.ation 



Skin Panel 



Skin 

Panel 



353 

335 

339 

340 

353 

335 

339 

340 

312 

13 

IS 

6 

7 

12 

17 

9 

13 

314 

9 

11 

7 

7 

10 

15 

9 

9 

315 

17 

16 

11 

13 

16 

18 

15 

15 

317 

13 

12 

7 

8 

13 

16 

12 

15 

318 

12 

15 

9 

8 

13 

17 

11 

13 

323 

19 

17 

16 

15 

19 

21 

15 

17 

325 

18 

15 

15 

15 

20 

19 

16 

18 

341 

14 

14 

7 

8 

15 

16 

13 

15 

342 

14 

12 

9 . 

3 

14 

13 

12 

14 

343 

9 

12 

7 

6 

13 

13 

11 

11 

344 

14 

15 

9 

9 

14 

16 

10 

13 

* 347 

24 

25 

19 

20 

23 

24 

19 

22 

352 

15 

16 

10 

13 

14 

16 

12 

13 


* Has Che highest noise reduction at 40 Hz 
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Table 3.2: Effecf oi: Tri's Panels on Noise Reduction 

Cliaracceristics of Double-Wall Panel; 3000 Hz 


Trin Panel 



Alrgap 



Insulation 



Skin Panel 



Skin 

Panel 


353 

335 

339 

340 

353 

335 

339 

340 

312- 

72 

66 

65 

67 

84 

80 

80 

30 

314 

64 

58 

59 

59 

76 

75 

73 

73 

315 

66 

56 

56 

56 

78 

70 

73 

74 

317 

61 

57 

57 

55 

71 

69 

71 

70 

318 

62 

57 

57 

59 

78 

75 

77 

78 

323 

53 

54 

52 

58 

74 

69 

76 

74 

325 

65 

60 

61 

63 

78 

71 

78 

77 

- 341 

59 

56 

57 

55 

75 

69 

75 

73 

342 

63 

5S 

55 

58 

78 

73 

76 

77 

343 

68 

65 

67 

66 

77 

74 

75 

74 

* 344 

72 

67 

66 

64 

84 

30 

80 

80 

347 

60 

54 

54 

54 

73 

69 

74 

72 

352 

61 

55 

54 

56 

80 

78 

76 

77 


* Have the highest noise reduction at 3000 Hz 
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Effect of Total Panel Area Densitv on the Noise 
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with Kevlar Skin (Panel 339) and Airgap 


0.2 0.4 0.6 0.8 

SURFACE DENSITY ~ LB/SQ FT 









SURFACE DENSITY ~ LB/SQ FT 







SKIN . . 023" KEVLAR 
STIFFENER i TWO 
AIRGAP . 3" 


\ 






ycc:i Q^-' 


' ] 




I 


o 

CD 




i 


fO 


o 


CD 


aa ~ Noiionaaa as ion 

Figure 3.24: Effect of Total Panel Area Density on the Noise 

Reduction Characteristics of Douole-Uali Pa.iel 
with Kevlar Skin (Panel 340) and Airgap 
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in thasn plots. Ilowevar, the nv^iss of the trin panel is still (at least 
in the high frequency region) a major factor and renresents the trade- 
off Parameter that most often decides ',;hat naterial will be selected 
for use. Because of the scatter, mean square lines are shown, which 
indicate, as expected, increasing noise reduction with increase in mass. 
From Tables 3.1 and 3.2 it can be seen that trim panels 312 and 344 
perform consistently better than the other panels, even after consider- 
ation of their higher area density. Both these panels are treated 
with flexible 1/2" foam material, over which is applied a (simulated) 
leather covering. The thickness of Che foam may be one of the reasons 
for the better performance of these panels. 

Four trim panels — 312, 318, 325, and 352 (one each from groups 1 
and 2, and two from group 3) — were selected for further investigation. 
Each of these panels has a different base material: 312 has 45X open 

pore aluminum, 31S has Rohacell core, 325 has Klege-cell base, and 352 
has compressed fiberglass core. These tr*m panels are representative 
of the trim panels being used in the general aviation industry. Single 
panel noise reduction tests were performed, and the results are given 
in Figures 3.26 tnreugh 3.29. These results confirm that the limp 
panel assumption may not be valid for these panels. At this test 
facility, Che noise reduction curve of a standard .032" aluminum panel 
shows a slope of 6 dB/cctave, which corresponed to mass-law value. 
However, three of the four trim panels tested had less Chan 6 dE/octave 
slope. These values are tabulated in the next chapter. Only panel 312 
had a slope of 8 13/octave, fir higher chan mass-law slope. Panel 352 
had a near zero slope, as can be seen from Figure 3.29. Both these 
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panels have nearly cbe si'jc aiea denslcy. labile double-wall tests 
confimed these trends, ch-^y also indicated that the effectiveness of 
panel 312 decrea<:ed and that ot panel 352 increased, thus evening out 
the difference. This aspect is further discussed in the next chapter. 

In Che low frequency region of 40-100 Hz, panel 347 was superior 
to all other panels tested. Panel 347 was the Cnickest panel in group 
2 and has two layers of 120 phenolic skin applied to both sides to 
stiffen the base material. Also it is nade of light Rohacell material 
This property of high stiffness and low mass increases its fundamental 
resonance frequency. This makes panel 347 superior to other panels in 
Che low-frequency, stiffness-controlled region. 

The effect of attachment of the trim panel to the channel section 
was also investigated. Two types of attachment procedures were tried. 
In one case Che trim panel was screwed to the channel section by means 
of eight screws as showr. in Figure 2.2. The second attachment was to 
simulate free-free edge conditions for the trim panel. This was done 
by using 1/8" thick pressure-sensitive adhesive tape. The results are 
compared in Tables 3.3 through 3.5 . The results indicate that the 
effect of the attachment is felt oaly in the very low frequency region 
An increase of 0-2 dB is observed x/ich the free-free edge condition. 
Tills might be due to Che better isolation of the trim panel at ve *y 
low frequencies. At 100 Hz the results were inconclusive. It is 
possible chat the vibration isolation of this tape is not effective 
at and above 100 Hz. At very high frequencies the panels with tape 
attachment indicate a gain of 0-3 dB. The results are within Che 
experimental scatter observed in this frequency region. Increased mas 
of the 1/8" tape all around might have caused some of Che increase. 




49 



Table 3.3: nrfect: of Tria Panel ActacnaenC on the 

tioise Reduction Characteristics of Double- 
Wall Panels with Aluminura Skin; Depth 3" 


a. Trim Panel 313 


Frequency 

Air gap 

Insulation 

(Hz) 

Screv Tape 

Screw Tape 


AO 

12 

14 

13 

16 

100 

18 

18 

17 

17 

300 

29 

32 

30 

31 

500 

42 

41 

39 

46 

1000 

48 

50 

56 

59 

3000 

62 

63 

73 

80 


b. Trim Panel 325 


Frequency 

Airgap 

Insulation 

(Hz) 

Screw Tape 

Screw Tape 


40 

18 

18 

20 

20 

100 

16 

16 

16 

16 

300 

42 

43 

34 

35 

500 

45 

46 

41 

46 

1000 

53 

53 

59 

59 

3000 

65 

65 

78 

78 
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Table 3.4: Effect of Trjn Panel Attachment on the 

Noise Reductxon Characteribtics of Double- 
Wall Panels with Aluninua Skin; Depth 2" 


a. Trim Panel 313 


Frequency 

Airgap 

Insulation 

(Hz) 

Screw Tape 

Screw Tape 


40 

13 

14 

14 

16 

100 

16 

15 

14 

15 

300 

19 

26 

26 

26 

500 

45 

42 

43 

42 

1000 

47 

50 

53 

57 

3000 

61 

63 

78 

80 


b. Trin Panel 325 


Frequency 

Airgap 

Insulation 

(Hz) 

Screw Tape 

Screw Tape 


40 

16 

16 

18 

20 

100 

14 

14 

15 

14 

300 

34 

35 

32 

35 

500 

42 

45 

43 

41 

1000 

47 

49 

54 

56 

3000 

61 

63 

74 

76 
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Table 3.5: 


Effect of Tri“i Panel Attachment: 
Noisa Reduction Characteristics 
Wall Panels viLh Aluninun Skin; 


on the 
of Double- 
Panel Depth 1" 


a. Trim Panel 318 


Frequency 

Airgap 

Insulation 

(Hz) 

Screw Tape 

Screw Tape 


40 

14 

15 

15 

16 

100 

13 

13 

13 

14 

300 

19 

21 

16 

17 

500 

35 

32 

32 

36 

1000 

42 

43 

48 

51 

3000 

61 

62 

72 

75 


b. Trim Panel 325 

Frequency 

Airgap 

Insulation 

(Hz) 

Screw Tap.'. 

Screw Tape 


40 

17 

18 

20 

20 


100 

15 

12 

15 

15 


300 

32 

30 

23 

24 


500 

37 

41 

35 

35 


1000 

46 

46 

50 

51 


3000 

63 

64 

73 

73 
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CHAPTER 4 


THEORETICAL ANALYSIS 


4.1 INTRODUCTION 


The prediction of aircraft interior noise levels has attracted 
considerable attention during recent years. One of the important parts 
of this investigation is the accurate detemination of sound transmis- 
sion loss across a fuselage sidewall throughout the frequency range of 
interest. A typical fuselage sidewall consists of skin, trim, septa, 
fiberglass insularlon, and airgap. A computer program was developed 
at the KU-FRL to calculate the transmission loss across the double-wall 
structures whose noise reduction characteristics were being Investigated 
experimentally. The main objective of the program was to compare the 
computer-calculated results with the results obtained from experimental 
investigations. The program is described in detail in References 1 
and 2. 

The program follows the classical acoustic transmission loss the- 
ory used in References 8 and 9. In this program the sound transmission 
loss of a multilayered panel is calculated from the pressure losses 
across individual layers. The pressure loss across each layer is a 
function of its own impedance as wall as the terminating impedance for 
chat layer. The transmission loss of a multilayered panel is obtained 
from the following equation: 

TL =» 10 loglp^/P|.12 

TL =• Transmission loss across the panel (dB) 
p^ = Blocked pressure on the incident side (Pa) 




where 



pj. = Pressure on cha receiver side (Pa) 

p^/p^ Preesure racro across the panel of n layers 

n = Total number of layers an the panel. 

The pressure ratio across Che entire panel is calculated from the 
pressure ratios across each layer as 

^Pi/Pt^^ * ^Pi/P2 ‘ Pp/Pk + 1 Pn'^Pt^^ 

where P^^Pk 1 pressure ratio across kth layer. 

The pressure ratio across each layer is calculated from the 
impedance model or Chat layer. Reference 2 details the types of 
impedance models available in the KU-FRL program. This program has 
been checked out using the inputs from Reference 9. A fev/ of the 
impedance models have been modified to facilitate comparison with 
the test results. Important modifications are 

a. Actual transmission loss should measure only the incident 
pressure on the source side. But at the KU-FRL acoustic 
test facility the source microphone measures the blocked 
sound pressure, which consists of both incident and re- 
flected pressures. This effect has bean taken into account 
in the program. 

b. The receiver microphone measures both the transmitted 
sound pressure and the reflected pressure from the receiver 
cavity. As explained in Appendix A, the receiver cavity 
absorbs most of the transmitted energy. Hence the contri- 
bution of the reflected pressure is assumed to be negligible. 
In other words, the absorption coefficient of the -’avity has 
been assumed to be equal to 1. 
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At low frotjUfincy the receiving cavity stiffens the panel 
due to Halaholtz effect. This effect increases the neasured 
fundamental resonance frequency of the single panel. Hence 
the measured resonance Irequency is greater chan the calcu- 
lated resonance frequency. This effect can also be expected 
for the double-wall panels. Since the purpose of the program 
is only to calculate the double-wall transmission loss values, 
no modifications have been done to account for this effect. 
This effect is taken into account by inputting the measured 
single panel resonance frequency of the trim and the skin 
panel, instead of calculating their resonance frequencies 
within the program. 

In practice the trim panel is modelled as a limp panel. 

In classical sound transmission loss theory, limp panel 
impedance is directly proportional to the surface density 
and the frequency. The transmission loss resulting from 
this impedance is Imown ns mass-law transmission loss. 

Under these assumptions che transmission loss increases by 
6 dB for doubling of either the mass or the frequency. In 
a transmission loss vs frequency plot, this produces 6 d3/ 
octave slope. However, as can be seen from Che test results 
(Figures 3.26 through 3.29), the slope of che lease mean- 
square line of che trim pt.nels varies considerably. Hence 
a simple mass-law assumption seems to be in.alid for such 
trim panels. Three out of che four paael'= tested haa slopes 


less chan the theoretical values. Hence che use of mass-law 



appro:: '!T.atxoa produces a higher transmission loss for a 
double panel. In order to overcome this problem, an addi- 
tional option for the trim panel was introduced for the trim 
panel impedance. In this option the measured slope is used. 
The model uses icass law impedance for low frequency and im- 
pedance corresponding to the measured slope at high frequency. 
The CKpcrinenCal slope is input as a ratio of the measured 
slope to theoretical slope (6 dB/octave) , and this ratio is 
called the slope factor. Values of these factors for various 
trim panels are given in Reference 2. For this study these 
values were measured from Figures 3.26 through 3.29. 

At this point it is pertinent to explain the difference in the 
terminology used to describe the experimental and the theoretical re- 
sults. The a.xpcrimental results are called "noise reduction," and the 
theoretical results are called "transmission loss." The reason for 
this is the following. Tlie sound energy attenuation measured in this 
test facility is made up of two parts. Rcf^erence 6 defines the noiso 
reduction at any frequency as 

MR 10 log(l + t/a) 

where t = Panel transnissioi loss coefficient at that frequency 
3 = Absorption coefficient of the receiver cavity at that 
frequency. 

The panel transmission loss coefficient is related to the panel pres- 
sure ratio by 

^ (p^/p^)^ 
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where 
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-V 


1 

I 

» 




i 

t 


S3 


S3 


Blocked incidenr piessure (Pa) 
Transmitted pressure f?a) . 


The absorption coefficient is nonually less chan one. IJlien the 
cavity is nearly fully absorptive, as in the case of the KU-FRL acoustic 
test facility, the noise reduction and trnnsniasion loss will be nearly 
Che same. In case Che cavity is not fully absorptive, noise reduction 
va.lues in general will be less Chan transraission loss. At cavity reso- 
nance frequencies such simplifications will not be valid. At Che KU-FRL 
experimental test facility the receiver microphone measures both the 
transmitted pressure and the very weak reflections from the cavity walls. 
Hence the sound attenuation characteristics measured from this facility 
are noise reduction. The theoretical values calculated from the program 
do not contain any corrections and hence arc transmission loss values. 


4.2 DETAILS OF THE INPUT DATA 

Far the theoretical investigation the parameters chosen to vary 

were 

a. Panel depth 

b. Effect of sound insulation 

c. Effect of skin structure 

d. Effect of trim panel material and treatment. 

1 

Four skin panels and four trim panels were used for the comparison 
of the theoretical and the calculated values. The skin panels tested 
are given in Table 2.1. Trim panels used were 312, 318, 325, and 352. 
The details of these panels are presented in Table 2.2. The impedance 
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model used for the skir* aed trim panels was the single mode approxi- 
mation. This approximation, dcsar'bed in detail in Reference 2, re- 
quires single panel resonance frequencies of the skin panel and its 
damping ratio around that frequency region. The single panel test 
results from Reference 5 were used for the resonance frequencies. 

The damping values of these pane] s had been measured and were reported 
in Reference 1. These values were used in the calculation of the im- 
pedance. These values are tabulated in Table 4.1 

The mechanical properties of the fiberglass insulation were un- 
toown. This insulation material was very similar to PF 105 fiberglass 
insulation discussed in Reference 6. xilso the minor variations in 
porosity and resistivity of the insulation did not significantly change 
the transmission loss values. Hence the porosity and the resistivity 
of FF 105 material t.as used. However, actual fibergiasj density was 
input. 

The input data required for the trim panels were fundamental 
resonance frequency, damping ratio, and the experimental slope of 
the noise reduction and damping tests of t)ie trim panels alone. These 
values are tabulated in Table 4.2. 

4.3 RESULTS AN D DISCUSSION 

The outputs from the computer runs arc plotted in Figures 4.1 
through 4.24 for the 48 combinations considered. These calculated 
values are plotted as dotted lines over ttia experimental values. 

Each figure contains two plots: one with the fiberglass insulation 

between the skin and the trim panel and the other without the insulation. 




a a o o a a 

a C3 o) T c\j 


aa ~ NGiijnaaa bsion 

Figure 3.21: Effect of Total POiiel Area nensicv on the Noise 

Reduction Characteristics of Uouble-Kall Panel 
with Grapnite-Epoxy Skin (Panel 135) and 
Insulation 
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Figure 3.22: Efface of Total Panel \rea Density on Che N’oise 

Reduction Characteristics of Double-U’all Panel 
witn .<evlar Skin (Panel 339) and Airgap 
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aa ~ NGiianoBy asroN 

Figure 3.23: Efiect of Tocal Panel Area Density on the Nois 

Reduction Characteristics of Doubie-^Jall Panel 
^'ich Kevlar SfCin (Panel 339) and Insulation 
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Figure 3.24: Effect of Total Panel Area Density or. the Moise 

Reduction Characteristics of Double-'Jall Panel 
with Kevlar Skin (Panel 340) and Airgap 
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Figure 3.25: Effect of Total Panel Area Density on the Noise 

Reduction Characteristics of Double-w’all Panel 
witn Kevlar Skin (Panel 340) and Insulation 
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in Lhes 5 plots. However, the .aass of the trim panel Is still (at least 
in the high frequency region) a major factor and represents the trade- 
off parameter that most often decides what material will be selected 
for use. Because of the scatter, moan square lines are shown, which 
indicate, as erpected. increasing noise reduction with increase in mass. 
From Tables 3.1 and 3.2 it can be seen that trim panels 312 and 344 
perform consistently better than the other pane] s , even after consider- 
ation of their higher area density. Both these panels are treated 
vjith flexible 1/2" foam material, over t.'hich is applied a (simulated) 
leather covering, 'rne thickness of the foam m^y be one of the reasons 
foi the better performance of these panels. 

Four trim panels — 312, 318, 325, and 352 (one each from groups 1 
and 2, and two from group 3) — ware selected for further investigation. 
Each of these panels has a different base material: 312 has 45% open 

pore aluminum, 318 has Rohaccll core, 325 has Klege-cell base, and 352 
has compressed fiberglass core. These trim panels are representative 
of the trim panels being used in the general aviation industry. Single 
panel noise reduction tests were performed, and the results are given 
in Figures 3.26 through 3.29. These results confirm chat the limp 
panel assumption may not be valid for these panels. Ac this test 
facility, Che noise reduction curve of a standard .032” aluminum panel 
shows a slope of 6 dB/octave, which corresponed to mass-law value. 
However, three of the foui trim panels tested had less chan 6 dB/octave 
slope. These values are taoulated in the next chapter. Only panel 312 
had a slope or 3 dB/octave, far higher than mass-law slope. Panel 352 
had a near zero slope, as can be seen from Figure 3.29. Both these 
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panels have nearly the cane area density. While double-wall tests 
confirned these trends, they also indicated that the effectiveness of 
panel 312 decreased and th.*t of panel 352 increased, thus evening out 
the difference. Tins aspect is further discussed in the next chapter. 

In the low frequency region of aO-100 Hz, panel 347 was superior 
to all ocher panels tested. Panel 347 was the thickest panel in group 
2 and has two layers of 120 phenolic skin applied to both sides to 
stiffen Che base aaterial. Also it is niade of light Rohacell material. 
This property of high stiffness and low mass increases its fundamental 
resonance frequency. This makes panel 347 superior to other panels in 
the low-frequency, stiffness-controlled region. 

The effect of attachment of the trim panel to the channel section 
was also investigated. Two types of attacliment procedures were tried. 
In one case the trim panel was screwed to the channel section by means 
of eight screws as shown in Figure 2.2. The second attachment, w-g to 
simulate free-free edge conditions for the trim panel. Tliis was done 
by using 1/8" thick pressure-sensitive adhesive tape. The results are 
compared in Tables 3.3 through 3.5 . The results indicate that the 
effect of the attachment is felt only in the very low frequency region. 
An increase of 0-2 dB is observea with the free-free edge condition. 
This might be due to the better isolation of the trim panel at very 
low frequencies. At 100 Hz the results were inconclusive. It is 
possible chat the vibration isolation of this cape is not effective 
at and above 100 Kz. At very high frequencies Che panels with tape 
attachment indicate a gam of 0-3 d3. The results are within the 
experimental scatter observed in this frequency region. Increased mass 
of the 1/8" tape all around might have caused sore of the increase. 
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Table 3.3s 


Ltfoet of "(ria Ptiuel Attachment or. t.'A 
Hoise Reduction Characteris Ics of Toiible- 
Wall Panels with AluciLnun: . 1 ; Eeotl j" 


a. Trim Panel 313 


Frequonev 

Airgap 

Insi 

:la'^on 

(Ha) 

Screw Tape 

Screw 

Tape 


40 

12 

14 

13 

16 

100 

18 

' 18 

37 

17 

300 

29 

32 

30 

31 

500 

42 

41 

39 

46 

1000 

48 

50 

56 

59 

3000 

62 

63 

78 

30 


b. Trin Panel 325 

Frequency 

(Hz) 

Airgap 

Instlt'ion 

Screw Tape 

Screw Tape . 


40 

18 

18 

20 

20 

100 

16 

16 

16 

16 

300 

42 

43 

34 

35 

500 

45 

46 

41 

46 

1000 

53 

53 

59 

59 

3000 

65 

65 

78 

78 
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OF POOR -7,cJn-y 


50 


r 


s 



Tabla 3.4: Effect of XriTc Pans! Atcachraer.t on the 

Noise Reduction Craracteristics of Double- 
Wall Panels with AluminuD Skin; Depth 2" 


a. Trim Panel 313 


Frequency 

Airgap 

Insulation 

(Hz) 

Screw Tape 

Screw Tape 


4C 

13 

14 

14 

16 

100 

16 

15 

14 

13 

300 

19 

26 

26 

26 

500 

45 

42 

43 

42 

1000 

47 

50 

53 

57 

3000 

61 

63 

78 

80 


b. Trim Panel 325 


Frequency 

Airgap 

Insulation 

(Kz) 

Screw Tape 

Screw Tape 


40 

16 

ir 

18 

20 

100 

14 

14 

\5 

14 

300 

34 

35 

32 

35 

500 

42 

45 

43 

41 

1000 

47 

49 

54 

56 

3000 

61 

63 

74 

76 
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Table 3.5: EfrecC of Trim Panel Atcachmenc on Che 

Nome Reduction Characceristics of Double- 
Wall Panels wita Aluminum Skin; Panel Depth 1" 


a. Trim Panel 31S 


Frequency 

Alrgap 

Insulation 

(Ha) 

Screw Tape 

Screw Tape 


40 

14 

15 

15 

16 

100 

13 


13 

14 

300 

19 

21 

15 

17 

500 

35 

32 

32 

36 

1000 

42 

43 

48 

51 

3000 

61 

62 

72 

75 


b. Trin Panel 325 


Frequency 

Airgap 

Insulation 

(Ht) 

Screw Tape 

Screw Tape 


40 

17 

13 

20 

20 

100 

15 

12 

15 

15 

300 

32 

30 

23 

24 

500 

37 

41 

35 

35 

1000 

46 

46 

50 

51 

3000 

63 

64 

73 

73 
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CIViPTER 4 


THEORETICAL AiV/J.YS IS 


4.1 INTRODL’CriON 


The prediction of aircraft interior noise levels has attracted 
considerable attention during recent years. One of the important parts 
of this investigation is the accurate determination of sound transmis- 
sion loss across a fuselage sidewall throughout the frequency range of 
interest. A typical fuselage sidewall consists of skin, trim, septa, 
fiberglass insularion, and airgap. A computer program was developed 
at the KU-FRL to calculata the transmission loss across the double-wall 
structures whose noise reduction characteristics were being investigated 
ejqserimentally. The main objective of the program was to compare the 
computer-calculated results w’lth the results obtained from experimental 
investigations. The program is described in detail in References 1 
and 2. 

The program follows the classical acoustic transmission loss the- 
ory used in References 8 and 9 . In this program the sound transmission 
loss of a multilayered panel is calculated from the pressure losses 
across individual layers. The pressure loss across each layer is a 
function of its o;ra impedance as well as the terminating impedance for 
that layer. The transmission loss of a multilayered panel is obtained 
from the following equation: 

TL = 10 ]oglp^/p^l2 

where TL = Transvission loss across the panel (dB) 

= Blocked pressure on the incident side (Pa) 
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= Pressure oa the receiver side (Pa) 
p^/p^ Pressure ratio across the panel of n layers 
n Total uunber of layers :n the panel. 

The pressure ratio across the entire panel is calculated fron the 
pressure ratios across each layer as 

{p^/Pf}" = {p^/Po • P2/P3 Pp/Pk -r 1 •“ Pn^Pt^“ 

where Pl-^P’^ + 1 “ pressure ratio across ktn layer. 

The pressure ratio across each layer is calculated from the 
impedance model of that layer. Reference 2 details the types of 
impedance models available in the I^J-FRL program. This program has 
been checked out using the inputs from Reference 9. A few of the 
impedance models have been modified to facilitate comparison with 
the test results. Important modifications are 

a. Actual transmission loss should measure only the incident 
pressure on the source side. But at the KU-FRL acoustic 
test facility the source microphone measures the blocked 
sound pressure, which consists of both incident and re- 
flected pressures. This effect has been taken into account 
in the program. 

b. Tne receiver microphone measures both the transmitted 
sound pressure and the reflected pressure from the receiver 
cavity. .As explained in .Appendix A, the receiver cavity 
absorbs most of the transmitted energy. Hence the contri- 
bution of the reflected pressure is assumed to be negligible 
In other words, the absorption coefficient of the cavity has 
been assumed to be equal to 1. 
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c. At low frequency the receiving cavity stiffens the panel 
due to Helaholcz effect. This effect increases the measured 
fundamental resonance fiequency of the single panel. Hence 
the measured resonance frequency is greater than the calcu- 
lated resonance frequency. This effect can also be expected 
for the double-wall panels. Since tne purpose of the program 
is only tvi calculate the ccuble-wall transmission loss values, 
no modifications have been done to account for this effect. 
This effect is taken into account by inputting the measured 
single panel resonance frequency of the trim and the skin 
panel, instead of calculating their resonance frequencies 
within Che program. 

d. In practice the trim panel is modelled as a limp panel. 

In classical sound transmission loss theory, limp panel 
impedance is directly proportional to the surface density 
and the frequency. The transmission loss resulting from 
this impedance is known as mass-law transmission loss. 

Under these assumptions the transmission loss increases by 
6 dB for doubling of either the mass or the frequency. In 
a transmission loss vs frequency plot, this produces 6 dB/ 
octave slope. However, as can be seen from Che test results 
(Figures 3.26 through 3.29), the slope of the least mean- 
square line of the trim panels varies considerably. Hence 

a simple mass-law assumption seems to be invalid for such 
trim panels. Three out of the four panels tested had slopes 
less than Che theoretical values. Hence the use of mass-law 
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approxiciacioa produces a higher cransmission loss for a 
double panel. In order to overco-.e this problem, an addi- 
tional option for the trim panel t'as introduced for the trim 
panel impedance. In this option the measured slope is used. 
The model uses mass law impedance for lew frequency and im- 
pedance corresponding to the measured slope at high frequency. 
The experimental slope is input as a ratio of the measured 
slope to theoretical slope (6 dB/octave) , and this ratio is 
called the sJope factor. Values of these factors for various 
trim panels are gi”en in Reference 2. For this study these 
values were measured from Figures 3.26 through 3.29. 

At this point it is pertinent to explain the difference in the 
terminology used to describe the experimental and the theoretical re- 
sults. The experimental results are called "noise reduction," and the 
theoretical results are called "transmission loss." The reason for 
this is the following. The sound energy attenuation measured in this 
test facility is made up of two parts. Reference 6 defines the noise 
reduction at any frequency as 

NR = 10 log(l + x/a) 

where x = Panel transmission loss coefficient at that frequency 
a ~ .Absorption coefficient of the receiver cavity at that 
frequency. 

The panel transmission loss coefficient is related to the panel pres- 
sure ratio by 

1/t " 
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where = Bloekeif IncidcnL pressure (Pa) 

Pj. " Transoiitted pressure (Pa). 

The absorption coefficient is normally less than one. Ulien the 
cavity is neatly fully absorptive, as in the case of the KU-FRb acoustic 
test facility, the noise reduction and transmission loss will be nearly 
the same. In case the cavity is not fully absorptive, noise reduction 
\'alues in general will be less than transmission loss. At cavity reso- 
nance frequencies such simplifications will not be valid. At the KU-FRL 
experimental test facility the receiver microphone measures both the 
transmitted pressure and the very weak reflections from the cavity walls. 
Hence the sound attenuation characteristics measured from this facility 
are noise reduction. The theoretical values calculated from the program 
do not contain any corrections and hence are transmission loss values. 

4.2 DETAILS OF THE INPUT DATA 


For the theoretical investigation the parameters chosen to vary 

were 

a. Panel depth 

b. Effect of sound insulation 

c. Effect of skin structure 

d. Effect of trim panel material and treatment. 

Four skin panels and four trim panels were used for the comparison 
of the theoretical and the calculated values. The skin panels tested 
are given in Table 2.1. Trim panels used were 312, 318, 325, and 352. 
The details of these panels are presented in Taule 2.2. The impedance 
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model used for the skin and trim panels v;as the single mode -approxi- 
mation. This approximation, described in detail in Reference 2, re- 
quires single panel resonance frequencies of Che skin panel and its 
damping ratio around that frequency region. The single panel test 
results from Reference 5 were used for the resonance frequancies. 

The damping values of these panels had been measured and were reported 
in Reference 1. These values were used in the calculation of the im- 
pedance. These values are tabulated in Table 4.1 

The mechanical properties of the fiberglass insulation were un- 
known. This insulation material w’as very similar to PF 105 fiberglass 
insulation discussed in Reference 5. Also the minor variations in 
porosity and resistivity of the insulation did not significantly change 
the transmission loss values. Hence the porosity and the resistivity 
of PF 105 material was used. However, actual fiberglass density was 
input . 

The input data required for the trim panels were fundamental 
resonance frequency, damping ratio, and the experimental slope of 
the noise reduction and damping tests of the trim panels alone. These 
values are tabulated in Table 4.2. 

4.3 RESULTS AND DISCUSSION 

The outputs from the computer runs are plotted in Figures 4.1 
through 4.24 for the 48 combinations considered. These calculated 
values are plotted as dotted Ijnes over the experimental values. 

Each figure contains two plots: one with the fiberglass insulation 

between the skin and the trim panel and the other without the insulation. 
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Table 4.1: 


InpuL Data for Skin Panels 


oRiciM^:. r. u 

OF POOR (/.'.--ITt' 


Skin Panel 

Fesonance 

Frequency 

Damping 

Ratio 

Mass/unit area 
kg/n^ 

353, 357, 358 

50 

.015 

2.24 

335 

70 

.03 

1.58 

339 

40 

.02 

1.23 

340 

55 

.02 

1.48 



Table 4.2: 

Input Data for 

Trijj Panels 


Trim 

Panel 

Resonance 

Frequency 

Hs 

Damping 

Ratio 

tiass per 
unit area - 

Slope 

Factor 

312 

0 

.042 

2.26 

1.33 

318 

50 

.060 

1.26 

0.58 

325 

60 

.074 

2.04 

0.83 

352 

62 

.063 

2.20 

0.05 


Slope Factor 


Measured Slope 
6 
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2 3453700 2 3433789 2 345 

123 IPZ3 

b. Fiberglass Insulacicn FPSCJEN'CY, Hz 


Figure 4.1: Cotruarisoa of Exaerimencal and Theorecical 

Noise Reductxon CharacterisCics of Double-Nall 
Panel Made of Alu'ainu'a Skin (Panel 353) and 
Trin Panel 312; Panel Depth 3" 
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t j b. Viberglajs Insulation FREi^LlEN’CY, Hz 

” Figxire 4.2: Comparison of E.xperinencal and Theoretical 

^ ■ Noise Reduction Characteristics of Double-Wall 

■ _ I Panel Maoe of Aluninuit Skin (Panel 353) and 

Triti Panel 318; Panel Deoch 3" 
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34SB78B a 14SS7aa Z 34S 

1C3 JCZ3 


I b. Fiberglass Insulation prF^L’ENCY, H= 

! Figure 4.3: CoEparison of Zxperiaental and Theoretical 

I Noise Reduction Characteristics of Double-Wall 

J Panel Made of AJ.uxinun Skin (Panel 353) and 

) Trie Panel 325; Panel Depth 3" 
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figure 4.4: Comparison of Experinentai and Theoretical 

Noise Reduction Characteristics of Double-Wall 
Panel I-lade of Aluminum Skin (Panel 353) and 
Trim Panel 352; Panel Depth 3" 
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* 5 B / 8 fl 


Fiberglass Tasulation 


FRECb’E.'ICi', Hz 


Figure 4.5: Consparison of Experimental and Theoretical 

Noise Reduction Characteristics of Double-Wall 
Panel Made of A\lunninum Skin (Panel 357) and 
Trim Panel 312; Panel Deptn 2" 










I 


b. Fiber glas? Insulation Ft7SCSJE.‘.'CY, H= 

j Figure A. 6; Cotnoarison of Exnermencal and Theoretical 

I I^olse Reduction Characteristics of Double-Wall 

Panel Made of <Vluminun Skin (Panel 357) and 
,, Tria Panel 31S; Panel Depth 2" 


I 
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a. Air gap FRECUENCY, H= 



b. Fiberglass Insulacion FRECbCNCY, 


Figure 4.7: Comparison of E'-rpemencal and Theorocical 

Noise Reduction Characteristics of Double-Vi'ail 
Panel I-ladc of Aluminum Skin (Panel 357) and 
Trim Panel 325; Panel Depth 2” 


66 





NOISE REDUCTION, dO NOISE REDUCTION, d3 






Fisure 4.3: Conparison of Experimental and Theorecical 

Noiae Reduction Characteristics of Double-Wall 
Panel Made of .Muminua Shir. (Panel 357) and 
Trim Panal 352; Panel Depth 2" 
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b. Fiberglas <5 Insulation FRECCEN^Y. Mi 


Figure 4.9: Comparison of Experimental and Theoretical 

Noise Reduction Characteristics of Double-Wall 
Panel ^^ade of Aluminum Skin (Panel 353) and 
Trim Panel 312; Panel Depth 1" 
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2 345C7Q8 2 34SQ7nS Z 343 

JC3 IBZ3 


b. Fiberglass Insulacion FPEQUENCY, Hz 

Figure 4.10; Comparison of Experimental and ITieorccical 

Noise Reductzon Characteristics of Double-Wall 
Panel Made of Aluminum Shin (Panel 358) and 
Trim Panel 313; Panel Depth 1" 
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2 3<5fa78n 2 345070B 2 

123 IB33 


b. Fiberglass Insulation FP.E-'J£!!CY, H= 

Figure 4,11: Cotnoarison of Experinental and Theoretical 

Nois« Reduction Characteristics of Double-Wall 
Panel Jtade of Muninuni Skin (Panel 358) and 
Tria Panel 325; Panel Depth I" 
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NOISE REDUCTION, dB NOISE RECUCTIO 



a. Ail-gap 


FRcCUEHCY, Hr 



b. Fiberglass Insulation FREQUENCY, H= 


Figure 4.12: Cc-sparison of Experinencal and Theoretical 

Noise Reduction Characteristics of Double-Vall 
Panel Made of Aluminun Skin (Panel 258) and 
Trim Panel 352; Panel Depth 1” 
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b. Fiberglass Insular Ion FREQUENCY, Hz 

Figure 4.13: Conpari..on of E:-:perisancal and Theorecical 

Noise Reduction Characteristics of Double-VJall 
Panel Made of Graphite-Epoxy Skin (Panel 335) 
and Tria: Panel 312; Panel Depth 3" 
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b. Fiberglass Insulacion FRECUE.NCY, H= 

Figure 4.14; Comparxson of Experlraental and Theorecical 

Noise Reduction Characteristics of Double-Wall 
Panel Made of Graphicc-Epoxy Skin (Panel 335) 
and Trim Panel 313; Panel Depth 3" 
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a. Air gap 


rREQUENCY, Hs; 



Figure 4.15: Comparison of E:rperinencal and Tlieoretical 

Noise Reduction Characteristics of Double-Vall 
Panel Made of Graphite-Epoxy Skin (Panel 335) 
and Trim Panel 325; Panel Depth 3” 
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NOISE REDUCTICM, dO NOISE REDUCTION, dB 




Figure 4.16: Comparison of Experimental and Theoretical 

Noise RcducCion Characteristics of Double-Wall 
Panel Made of Graphite-Epoxy Skin (Panel 335) 
and Trim Panel 352; Panel Depth 3" 
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b. Fiberglass Insulation FREC'JENCY, Hz 

Figure 4.17: Conparison of Experimental and Theoretical 

Noise Reduction Characteristics of Douole-Wall 
Panel Made of Kevlar Skin (Panel 339) and Trim 
Panel 312; Panel Depth 3" 
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b. Fiberglass. Insulation FREQUENCY, m? 
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Figure 4.18: Conparison of E.tpericiental and Theoretical 

tJcise Reduction Characteristics of Double -Wail 
Panel Made of Fevlar ^Skin (Panel 339) and Tria 
Panel 318; Panel Depth 3" 
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Fij^jre Cotnoar-son of Experimental and nieoretical 

N’oise Reduction Characteristics of Dounle-Vall 
Panel iiade of Kevlar Skin (Panel 339) ana Trim 
Panel 525; Panel Deptn 3" 



NaiSE REDUCTION, dQ NOISE REDUCTION, dD 



a. Airgap FREC'JENCY, Hr 



b. Fiberglass Insulation FRECUENCY, “■= 


Figure -*.20: Cccsoarison of Experiaental and Theoretical 

Noise Reduction Characteristics of Double-Wall 
Panel llade of Kevlar Skin (Panel 339) ana Tria 
Panel 352; Panel Depth 3" 
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Figure 4,li: Corparison of Experinencal and Theoretical 

Noise Redaction Characteristics of Double-U’all 
Panel Made of Kevlar Skin (Panel 340) and Trit 
Panel 312; Panel Depth 3" 
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Figure 4.22: Coaparisou of Experir-.ental and Theoretical 

Jloise Reduction Characteristics of Double-Wall 
Panel Hade of Kevlar Shin (Panel 340) and Trin 
Panel 313; Panel Depth 3” 
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FiberglabS InsulaCion 


-RECLEMCY, H= 


Figure 4.24: Conpr-rlson of EAperinental and Theoretical 

Noise Reduction Characteristics of Double-Wall 
Panel Made of Kevlar Shin (Panel 340) and Triti 
Panel 352; Panel Depth 3" 


83 





In general, ic can be seen tbac the agreenenc is reasonable for 
most of the cases tested. Due to the single mode approximation used 
in the program, the higher order modes of the skin and the trim panel 
are not present. .\lso not present arc the higher order cavity modes 
of the receiver cavity. As the theory does not ignore the higher 
harmonic of the double-wall panel-air-panel resonance frequencies, 
they are present and can be seen at higher panel depths without any 
insulation between the walls. 

At low frequency region Che calculated values agree well with 
the experimental double-wall results. These results are expected, 
since the input values are experimental, single-panel, fundamental 
resonance frequencies of skin and trim panels. This indicates that 
at low frequencies the transmission loss is a function of single- 
panel stiffness. This is true when the frequency is wall below the 
fundamental resonance frequency of either the skin or Che trim panel. 

In the frequency region between 100 and 500 Hz, which is the 
region of greatest importance for general aviation interior aircraft 
noise, Che fundamental skin or trim resonance frequency and Che funda- 
mental double-wall, panel-air-panel frequency occur. As can be seen, 
Che theoretical values overpredict the measured values by a large 
value (75 Hz). The reason for this is not understood. Figure 4.25 
shows Che measured ana the calculated double-wall resonance frequency 
as a function of the thickness of the double-wall panel. The effect 
of the panel depth on the measured and the caluclaced resonance fre- 
quencies is the same; but somehow Che experimental values are always 
lower by 75 to 100 Hz, depending upon the trim panel. Ac Che time of 
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wrlcing this report, this discrepancy is not resolved. Hence, around 
this frequency region, ineasured values of noise reduction do not agree 
with the calculated cransaiission loss values. However, the trends are 
the satae. 

In the high frequency region (above 500 Hr) the higher order panel 
modes and the cavity modaa arc not predicted. With airgaps the har- 
monics of panel-air-panel resonances are visiolc. The agreement with 
the test results depends on the trim panel and the depth of panel. 
Increase in panel depth decreases the fundamental panel-air-panel 
resonance by the same amount as the experimental results, as can be 
seen from Figure 4.25. At 3000 Hz frequency the calculated transmis- 
sion loss dips at 2" depth because of this resonance frequency. This 
has also been obseirved in the experimental results. With the insu- 
lation no decrease in noise reduction is observed near the harmonic 
of the panel-air-panel resonance frequency. Whenever the theoretical 
results are above 90 dB, the difference between the experimental values 
and the theoretical values is large. This is due to the limitation of 
the dynamic range of the instrumentation. 

The theoretical results overpredict the high frequency noise 
reduction of the double-wall panel with teim panel 312, and they 
underpredict Che noise reduction of the double-wall nanel with trim 
panel 352. This is because of Che variation in Che actual slope of 
the trim panels. Tlie slope of panel 312 is 8 dB/octave, and that of 
panel 352 is nearly zero. These results indicate that the double-wall 
results even out these differences. Reasonably good fit is obtained 
when the slope is less than the theoretical 6 dB/octave slope. Hence 
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RESONANCE FREQUENCY 



Figure 4.25: Conparison of Experiaencal and Theoretical 

Fundamental Panel-Air-Panel Resonance Frequenc 
of the Double-Wall Panel 


ea=r| 


I 
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it can be concluded that Che double wall acts as enough the trin panel 
slope IS somewhere between .5 and .8 times the theoretical slope. 




CiiilPTER 5 


CONCLUSIONS AND RECOI-CEIIDATIONS 


In this report the e:n3erinantal noise attenuation characteristics 
of flat, double-wall panels are presented. A simple, classical, sound 
transmission loss model has been developed for multilayered panels. 

The experimental results are compared with the theoretical results. 

The results of the tests described in this report have demonstrated 
the following characteristics of the sound transmission through double- 
wall structures; 

• The results of the tests agree, in general, with the simple 
theoretical model. 

• At very low frequencies (below 100 Hz) the noise reduction 
is a function only of the stiffness of either skin or trim 
panel. Hence use of a double-wall panel presents no additional 
gain over use of the single-wall structure. 

• At frequencies of 100 to 500 Hz, the overall noise reduction 
of the double-wall panel is normally lower than the noise re- 
duction of the single panel with the same panel weight. How- 
ever, the noise reduction at these frequencies is so much a 
function of the double-wall, panel-air-panel, resonance fre- 
quencies that any conclusion on the efficiency of the double wall 
without knowledge of the excitation frequency and the double- 
wall characteristics will not be valid. By proper designing of 
the double-wall panel treatment, the coincidence of the panel- 
air-panel resonance frequency and the excitation frequency may 
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be avoided. The double wall may also be designed to give a 
higher noise reduction at the excitation frequencies. 

In the high frequency region, even though the slope of the 
noise reduction curve of the double-wall panel exceeds that 
of Che single-wall panel, the experimental values are lower 
chan the theoretically predicted 12 d3/octava. One of the 
causes for the discrepancy is the assumption that the trim 
panel behaves like a limp panel following mass-law impedance. 
In particular for the douole-v;all panels investigated, the 
effect of the airgap depth in the high frequency region is 
negligible outside the range of the harmonics of the panel- 
air-panel resonance frequencies. 

Of the skin panels tasted, the aluminum skin panel offers 
higher high-frequency noise reduction by virtue of its 
greater mass. Ac low frequencies, graphite-epoxy panels 
have up to 7 dB higher noise reduction than the Kevlar 
panels. One-to-one comparison between these panels is not 
possible, due to the varied nature of the thickness and the 
stiffener characteristics. The effect of an additional stif- 
fener in the skin panel is to increase the low-frequency noise 
reduction by about 4 dS. The additional stiffener has a neg- 
ligible affect on the noise reduction at high frequencies. 

The effect of the fiberglass insulation in the low-frequency 
region is '••^all and at tines slightly negative. 

In the high frequency region the installation of the fiber- 
glass insulation damps out the resonance effects and also 
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increasas Che noisa rcduccion due Co Che viscous losses. 

This increase is dircccly proporcional co che insulacion 
Chiclaiess. 

The effect of the trin panel is not significant in, Che low 
frequency region. Increase in the trim panel mass results 
in a slightly lower noise reduction. 

At high frequencies the base miterial and the treatment of 
Che trim panel play a major role in Che noise reduction 
characteristics of both double-wall and single-wall panels. 

Of Che trim panels tested, panels with .5" foam as part of 
Che treatment had the best noise reduction in the high fre- 
quency region, even after consideration of their increased 
m^ss • 

Due to the inscrement limitation, the effect of very high 
trim panel density on Che high frequency noise reduction 
could not be accurately determined. However, as the noise 
reduction is well above 80 dB, it is considered chat this 
may not be worthwhile. 

Simple, classical, multilayered transmission loss theory 
predicts the double-wall transmission loss reasonably wall 
if the actual single-wall data, including the slope of the 
trim panel noise reduction curve, are input. The theoretical 
double-wa]l results do not match with Che experimental re- 
sults when the trim panel slope differs very much from Che 
mass-law slope. 
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• One of the major dfCicicnzies of this program is Che deter- 
ainatioti of trie Cundamantal panel-air-panel resonance. Even 
though Che experimental values follow the same trend as Che 
theoretical values, they are 75 to 100 Hz lower. Th*" reason 
for this is yet to be determined. 

Based on the results, it is recommended that the computer model 
and the test procedure be studied to find Che cause for the mismatch 
betvreen the experimental and the -heoreCical results. It is also 
recommended that additional tests be conducted to quantify the various 
trim panel parameters such as the base material characteristics and 
the treatment. 
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iXTPC.'IDTX A 

DETAIL AITO CHAR.\CTERIS7ICS OF THE KIJ-FRL ACOUSTIC TEST FACILITY 

Tha design ana construction details of Che KU-FRL acoustic test 
facility have b&an described in Reference 3. Reference 4 describes 
the investigation carried out to detemine the characteristics of the 
test facility. Salxent features from these report are presented below. 

A.l DESIGN ^\ND CONSTRUCTION DETAILS 

The test facility consists of two chambers: the source chamber 

and the receivar clianber. The test panel is mounted between these Ct;o 
chambers. The source chamber — consisting of a massive brick wall, a 
concrete collar, and a steel box — contains nine evenly spaced loud- 
speakers. Tliis chamber can be considered to be a speaker box. Its 
purpose is to support the sneakers and to prevent sound radiation to 
the rear and the sides. It contains jound absorbing materials to 
minimize standing waves. These waves can induce undesirable speaker- 
sound radiation characteristics. A inall distance, about one inch, 
separates the test panel from the front side of the speaker baffle. 

This arrangement prevents standing waves between the baffle and the 
test panel at frequencies in tha range of interest, 20 - 5000 Hz. 

Other standing waves, parallel to the panel and the speaker baffle, 
could disturb the desired uniformity of excitation at tha panel surface. 
The strength of these waves, however, is reduced by sound absorbing 
material, which nearly fills all the space between the baffle and the 
test panel. The receiving chamoer is an acoustic termination, which 
absorbs almost all the sound energy. To facilitate the installation 
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of test speciiDiins between this termination and the speaker box, the 
receiving chamber is mounted on wheels and rests on a steel table. 
Figures A.l end A. 2 show the details. 

The test-specicicn size is 20 inches by 20 inches. One inch along 
the edges is used to clamp the test specimen between the two chambers. 
This leaves an exposed area of 18 inches by IS inches. This is Che 
taaxicura size of the test specimen that can be tested at this facility. 

The loudspeakers can be driven by an amplified signal from a 
pure cone generator, a frequency sweep oscillator, a random noise 
generator, or a tape recording of in-flight boundary layer fluctuations 
(Figure A. 3). An equalizer is included in Che sound generation system 
Co obtain a reasonably flat input spectrum. The noise measuring system 
includes two 1/4" or 1/2" 3&K microphones, one on each side of Che test 
panel. Tne output signals of Che microphones are fed to a (narrow 
band) real-time analyzer. The resulting spectra are transferred to an 
H-.3 microcomputer where they are stored on floppy disks. The data is 
then transferred to Che KU-FRL MINC computer through the phone lines, 
where noise reduction curves are plotted using an HP 7225B plotter. 

The facility has a series of adaotors which arc used to test the 
noise reduction characteristics at different angles of incidence. In 
addition a tension device is available wnich permits investigation 
under uniaxial or biaxial (tensile) stresses. To test the effect of 
pressurization on the sound transmission loss of a panel, a depressur- 
ization system has been installed, with this system the pressure in 
Che source chamber can be reduced. At present all tests are being 
conducted at ambient temperature. (65 to 72 degrees F). 
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Figure A.l: KU-FRL Acoustic Test Facility 
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Figure A, 2: 


KU-FRL Acoustic Test 
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Specimen 


97 




t 




CO 


Noise Genurdllon 



rlolse Hsasurement NqIsc Analysis 



A. Altec ^05*8G Loudspeakers 

B. Crcwii D-150 Power A.'npllflcr 

C. TAPCO 2200 Equalizer 

0. Hewletf'^ackard Model 3305A 
Sweep Oscl I lator 

£. 8CK ^lES Mlcrcplione with 
2610 Preamp (ftaceivcr Side) 

F, B£K MI36 fUcrop^onc with 
2616 Pre^Tp (Source Side) 

C. E£K 2B0^ llicrophone Power 
Supply 

U. Na^ra SJS Tape Recorder 

1. Spectral Dynamics Model SD535 
Real Time Analyzer 

J. Keathkit M3 Computer 

K. Digital MINC-11 Computer 

L. Hewlctt'Packard Model /225B 
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Figure A. 3: General Arrangement of Electronic Equipment 













A. 2 CHAPJ^CTERISTIC" Or THE TEST FACILITY 


Several invest igaci •'ns were carried our to determine accurately 
the characteristics of this tec.r facility. The results are described 
in References 3 and 4. Notable conrluoiono are given below. 

1. At high frequencies using a standard panel, the slope of the 
noise roductxon curve obtained corresponds to that predicted 
by mass law (i.e., 6 dB/cctave). However, actual values are 
overpredicted by at least 3 to 4 dB. 

2. The plane wave approximation is justified only below a fre- 
quency of SCO Hz at short distances from the speaker baffle. 
However, this variation seems to have not much effect on the 
slope of the noise reduction curve. It is also justified 
over the entire frequency range tested (20 to 5000 Hz) if 
the distance from the source is at least 34 inches. 

3. Although all the walls have been covered very carefully with 
high quality absorption material, standing w.ives havp not 
been fully prevented. 

4. In addition, the reflections from the side walls affect the 
signal measured by the receiver microphone. These reflec- 
tions and the standing waves result in additional peaks and 
dips in the measured spectra, when narrow-band analysis is 
carried out. 

5. The use of a sweep oscillator with a very slow sweep rate 
is a satisfactory substitute to measure sound transmission 
through aircraft structures. 
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6. Each of Che nine 'Speakarc has its own frequency response 
characteristics. 

7. Tlie affect of the possible reflections off the back panel 
of the receiving chanber is so low that it is within the 
cxperitrencal scatter. 

3. Removal of Che back panel of the source chamber affects the 
results below 60 Hz. 

9. The air in the closed cavity backing Che test specimen acts 
as an additional stiffness, ra.ising Che fundamental panel 
resonance frequency. For a simple panel Che analytical model 
gives an accurate account (within 5% accuracy) of this ef- 
fect. 

10. The edge conditions of the test panel are somewhere between 
simply supported and clamped, and tnis complicates any com- 
parison of measured and theoretical values in the lov;- 
frequency region. In the high-frequency region, presence 

of the cavity resonances and the sound absorption capability 
of the sound absorption materials complicate comparison of 
measured sound transmission with theoretical predictions. 
However, the results from the facility agree with the results 
from classical transmission loss theory when nigher nodes 
are neglected. 
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Figure B.l: Moise Reduction Characteristics of Double-Wall Panel Made 

of Aluninuo Skin Panel 353 and Trin Panel 312; Panel Deoth 3" 
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Figure B.2; Noise Reduction Characteristics of Double-Wall Panel Made 

of Aluminu-a Skin Panel 353 and Trisj Panel 314; Panel Depth 3" 
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Fibure 3.3: N’oise Reduction Charc.ct3ristic3 of Double-Vall Panel Made 

of Aluininun Skin Panel 353 and Trizi Panel 315; Panel Depth 3” 
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Figure B.4; Noise Reduction Characceristcs of Double-Wall Panel Made 

of Alutiinuin Skin Panel 351 and Trim Panel 317; Pane] P--oth 3" 
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Figure 3.7: N'oise Reduction Cliaracteristics or Double-Wall Panel Made 

of -Uuninuin Skin Panel 353 and Trin Panel 325; Panel Depth 3" 
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I Figure B.8; Noise Reduction Cbaracteristics of Double-Wall Panel Made 

of Aluninunj Skin Panel 353 and Triia Panel 341; Panel Depth 3" 
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Figure B.9: Noise Reduction Characteristics of Double-wall Panel Made 

of Aluininun 3k:n Panel 353 and Trin Panel 342; Panel Depth 3" 
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Figure B.IO: Noise Reduction Characteristics of Double-Wall Panel Made 

of Alumnun Skin Panel 353 and TrLai Panel 343; Panel Depth 3" 
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Figure B.ll: Noise Reduction Characteristics of Double-Wall Panel Made 

of Alurainum Skin Panel 353 ana Trim Panel 344; Panel Depth 3 
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Figure 3.12: Moiss Reduction Characteristics of Double-Wall Panel Made 

of AluainuT. Skin Panel 353 and Tria Panel 347; Panel Depth 3" 
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Figure B.14: Noise Reduction Characteristics of Double-Wall Panel Made 

of Aluniinua Skin Panel 357 and Trio Panel 312; Panel Depth 
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Figure B.15: Noise Reduction Characteristics of Douole-Wall Panel Made of 

Alunanuti Skin Panel 357 and Trin Panel 318; Panel Depth 2" 
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NOISE REDUCTION, dO NOISE REDUCTION, dB 
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a, Airgap 



Figure B.16: Noise Reduction Characteristics of Double-Wall Panel Made of 

Alurcinua Skin Panel 357 and Trim Panel 325; Panel Depth 2" 
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Figure B.17: Xoise Reduccian Cnaracterist ics of Double-Wall Panel Made of 

Aluininura Skxn Panel 357 and Trin Panel 352; Panel Depch 2" 
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a. Ai’-gap 



Figure 3.18: Noise Reduction Charactiiristics of Double-”all Panel Made of 

Muninu:a Skin Panel 353 and Trin Panel 312; Panel Depth 1" 
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Figurii 3.19; iJoisa Reduction Cliaracteristics of Double-”all Panel Made of 
Aluninum Skin Panel 353 and Trin Panel 313; Panel Depth 1" 
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b. Fiberglass Insulation 

Figure B.20: Noise Reduction Characteristics of Double-Wall Panel Made of 

Aluminua Skin Panel 353 and Trin Panel 323; Panel Depth 1" 






Figure B.21: N'oise Reduccicn Char.icteriscxcs of Double-Wall Panel Made of 

Aluninun Skin Panel 353 and Tria Panel j52; Panel Depch 1" 
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Figure B.22: Noise Reduction Characteristics of Double-Wall Panel Made of 

Graphite-Epoxy Skin Panel 335 and Tria Panel 312; Panel Death 3" 
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Figure B.23: Noise Reduction Characteractics of Double-V7all Panel Made of 

Graphite- ’’ joay bkin Panel 335 and Trim Panel 31A; Panel Depth 3 
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S.24’ Noise Reduction CharacCeristics of Double-rail Panel Made of 
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Figure B.26: 


Noise Redaction Cuaracteristics of Double-Wall Panel Made of 
Graphite-Lpoxy Skin Panel 335 and Trin Panel 318; Panel Depth 3" 
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.27: Moise Reduction Characteristics of Double-wall Panel Made of 

Graphite-Epoxy Skin Panel 335 and Trim Panel 323; Panel Depth 3" 

128 





NOISE REOUCrrCN, dB NOISE REDL'CriON, dB 





FREQUENCY, Hz 
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Figure B.28: Noise Pedueticn Characteristics of Double-Wall Panel Made of 

Graphite-Epoxy Skin Panel 335 and Trim Panel 325; Panel Depth 3 
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B.30: Noise Reduction Characteristics of Double-Wall Panel Made of 

Graphite-Epoxy Skin Panel 335 and Trim Panel 342; Panel Depth 3" 
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Fibure B.31: Noise Reduction Characteristics of Doublc-Wali Panel Made of 

Graphs te-Epoxy Skin Panel 335 and Trim Panel 343; Panel Pepth 3" 

132 




NQISe rFDUCTlON, dB NOISE KEDUCTION. dO 


10&- 


6? ] 


ea h- 


23 


n 


# I2M a- CiTiL^ P/-«L 
SXIH I e* 

K\Vu^iAL i 

Ti .JS24* 7« 

T^IX • PAi®. fi 2U 

. 125* raJUCOi. V:r< 123 f^Z^ZLlC S^tM <I> 
VtlQiT « 2.12 IS 



ORiGirc--:- * 

OF pocrv QVaL:', 


1£2 


ie?3 


FREC'JENCY, Hz 
a. /irgap 



t . Fiberglass In^ulaCiort 


Figure B.32: Noise R3duct3ca Chcracceristics of Double-Wall Pr"^l Made of 

Graphite-Epo:c> Skin Pen^l 335 and Irini Panel 3+4; Panel Dupch 3" 


133 










Figure 3.34: Noise ReducCion Characieriscics of Doublo-Uall Panel Made of 

Graphice-Epoxy S’r.in Panel 335 and Trin Panel 352; Panel Depcn 3" 

T 135 

J 






- ie; 



FRHCUENCY, K= 
a. Airgap 



Z 3438700 Z 34S0733 Z 34S 

IE3 1 1Z3 


FRECUENCY, Kz 

b. Fiberglass Insulacion 

Figure B.35: Noise Reduction Charac^eriscics of Double-Wall Panel Made of 

Kevlar Skin Panel vitn One Hat Stiffener (Panel 339) and Trini 
Panel 312; Panel Depth 3" 
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Figure B.36: Noise Peduccion Ch-ractoriscics of Double-Wall Panel Made of 

Kevlar Skin Panel with One Hat Stiffener (Panel 339) and Tria 
Panel 314; Panel Be;3th 3" 
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Figure 3.37: Noise Reduction Characteristics of Double-Wall Panel Made of 

Kevlar Skin Panel with One Hat Stiffener (Panel 339) and Trim 
Panel 315; Panel Depth 3" 
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Figure B.38: Noise PeducCion Characteristics or Double-Wall Panel !Iade ( 

Kevlar Skin Panel with One Hat Stiffener (Panel 339) and T 
Panel 317; Panel Depth 3" 
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3.39: Noise Redaction Ciiar.ictei-istics of Double-Vall Panel Made of 

Kevlar Skin Pmel with One Hat Stiffener (Panel 33^) and Trim 
Panel 318: Panel Depth 3" 
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Figure 3.4?: Noise Reduction Characteristics of Double-Wall Panel Made of 

Kevlar Skin Panel with One Hat Stiffener (Panel 339) and Tria 
Panel 341; Panel Depth 3" 
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B.43: None Reduction Characteristics of Double-l/all Panel Made of 

Kevlar Skin Panel vith ne Hat Stiffener (Panel 339) and Tria 

Panel j^»2; Panel Depth 3** , 
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Figure B.44: Noise Reduction Characteristics of Double-Wall Panel Made of 

Kevlar Shin Panel with One Hat Stiffener (Panel 339) and Tria 
Panel 343; Panel Depth 3" 
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Figure B-45: Noise Reduccioa Characteristics ot Double-wall Panel Made of 

Kevlar Skin Panel with One Hat Stiffener (Panel 339) and Trin 
Panel 344; Panel Depth 3^* 
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Figure B.46: Noise Reduction Characteristics of Double-Wail Panel Made or 

Kevlar Skin Panel vitn One Rat Stiffener (Panel 339) and Trin 

Panel 3 '*7; Panel Depth 3" 
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Noise Reduction Characteristics of Double-Wall Panel Made of 
Kevlar Skin Panel v_th One Hat Stiffener (Panel 339) and TriJi 

Panel 352; Panel Dentn 3" 
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Figure B.50: Noise Reduction Characteristics of Double-Wall Panel Made of 

Kevlar Skin Panel %rith Two Hat Stiffeners (.Panel 340) and Trim 
Panel 315; Panel Depth 3" 
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Figure B.51: Noise Reduction Charactaristics of Double-Wall Panel Made 

Kevlar Skin Panel with Two Hat Stiffeners (Panel 340) and 
Trie Panel 317; Panel Depth 3" 
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Figure B.53: Noise Reduction Characteristics of Double-Wail Panel Made of 

Kevlar Skin Panel vitn Two Hat Stiffeners (Panel 340) and 
Trim Panel 323; Panel Depth 3" 
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Figure B.54: Noise Reduction Characteristics of Double-Wall Panel 'lade 

of Kevlar Ekin Panel with Two Hat Stiffeners (Panel 340) 
and Trini Panel 325; Panel Depcn 3" 
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Figure 3.55: Noise Reduction Characteristics of Double-Wall Panel ilade of 

Kevlar Skin Panel with Two Hat Stiffeners (Panel 340) and 
Trin Panel 341; Panel Depth 3" 

15 b 





NOISE REDUCTION, aB NOISE REDUCTION, dO 



FREQUENCY, Hs 
a. Airgap 



FREQUENCY, H= 

b. Fiberglass Insulation 


Figure B.56: Noise Reduction Characteristics of Double-Wall Panel Made of 

Kevlar Skin Panel ,^ith Tvo Hat Stiffeners (Panel 340) and 
Trin Panel 342; Panel Depth 3" 
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Figure B.57: Moise Reduction Cbaracteristics of Double-Wall Panel Made of 

Kevlar Skin Panel with Two Hat Stiffeners (Panel 340) and 
Trin Panel 343, Panel Depth 3" 
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b. Fiberglass Insulation 

Figure B.58; Noise Reduction Characteristics of Doub] e-Wall Panel Made of 
Kevlar Skin Panel with Two Hat Stiffeners (Panel 340) and 
Tria Panel 344; Panel Depth 3" 
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Figure B.50: Noise Reduction Characteristics of Double-wal . Parti Nade oi 

Kevlar Skin Panel with Two Hat Stiffeners (Panei 340} a-’d 
Trim Panel 352; Panel Depth 3” 
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Figure £.61: Norse ReaacCior. Characteriscics of Douole-Wall 

F.jneJ ;iade of Aluininuin Skin Panel 353 and 
’Floating" rrin Panel 313; Panel Depth 3" 
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Figure B.63: JJcise Reduction Characteristics of Double-Wall 

Panel Made of Aluninun Skin Panel 357 and 
"Floating" Triti Panel 313, Panel Depth 2" 
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FRECUE^XY, Ha 

b. Fiberglass Insulation 

Figure B.64; .Noise Reduction Charactaristtes of Double-Wall 
Panel Made of Aluainua Skin Panel 357 and 
"Floating" Trim Panel 325; Panel Depth 2" 
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b. Fiberglass Insulacicn 


Figure B.65: Noise Reduction Characteristics of Double-Wall 

Panel Made of Aluninun Skin Panel 353 and 
"Floating" Trim Panel 313; Panel Depth 1" 
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